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Preface 


The  document  "Technical  profiles  for  the  production  of  pharmaceu¬ 
tical  formulations  -  dosage  forms"  was  submitted  to  the  Second  Consul¬ 


tation  on  the  Pharmaceutical  Industry  convened  in  Budapest,  Hungary 
from  21-25  November  1983.  This  document  has  been  completed  and  revised 
to  include  comprehensive  guidelines  with  regard  to  site  plans,  build¬ 
ing  designs,  section  lay  outs,  process  flow  sheets,  warehouse  plans,  equip¬ 
ment  identification  with  indicative  prices,  etc. 

It  is  hoped  that  the  profiles  included  in  this  documents  will  be 
useful  to  the  developing  countries  who  wish  to  establish  local  pharma¬ 
ceutical  formulation  units  and  would  assist  them  in  initiating  neces¬ 
sary  measures  for  the  development  of  pharmaceutical  industry. 
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INTRODUCTION 


To  improve  the  availability  of  essential  drugs  for  the  health  requirements 
of  developing  countries  and  to  promote  industrialization  in  the  Pharmaceutical 
Sector,  UNIDO  has  prepared  a  number  of  publications  offering  guidance 
to  developing  countries  in  establishment  of  units  for  production  of  pharma¬ 
ceutical  dosage  forms  (Contractual  arrangements  for  the  production  of  pharma¬ 
ceutical  chemicals,  formulations  and  setting  up  of  plants,  Directory  of  sources 
of  supply).  The  present  document  covering  design,  layout,  process  flow,  equip¬ 
ment  and  other  technical  inputs,  is  expected  to  serve  as  a  reference  paper  for 
phased  setting  up  of  industrial  units  initially  commencing  with  pharmaceutical 
preparation  for  oral  use  and  progressively  incorporating  production  of  paren¬ 
teral  dosage  forms. 


The  following  criteria  for  planning,  design,  construction  and  operation  of 
model  formulation  units  have  been  used: 

(i)  The  units  are  designed  to  enable  the  manufacture  of  most  commonly  used 
pharmaceutical  preparations.  These  can  be  adapted  to  specific  infra¬ 
structure; 

(ii)  expansion  in  capacity  of  plants  can  be  easily  adopted,  the  designs  have 
adequate  provision  for  capacity  adjustments  and  increases; 

(iii)  the  units  are  designed  with  options  for  automatic,  semi-automatic  and 
manual  operations; 

(iv)  the  units  fulfil  GMP  requirements. 

It  is,  however,  stated  that  the  proposals  referred  to  herein  are  guide¬ 
lines  and  would  need  to  be  appropriately  modified  depending  upon  specific 
conditions  and  requirements. 

TECHNICAL  INFORMATION 


In  order  to  maintain  segregation  and  functional  identity  between  major 
operation  areas,  the  main  civil  structure  has  been  designed  with  six  inde¬ 
pendent  operational  blocks,  i.e.  Buildings  Bl,  B2,  B3,  B4,  B5,  B6 . 

Building 

Bl  is  designed  for  the  manufacture  of  pharmaceutical  dosage  forms, 

B2  to  locate  the  offices,  quality  cpntrol  laboratories  and  social  services, 

B3  for  vaccines  with  segregated  areas  for  bacterial  and  viral  types, 

B4  to  locate  the  animal  house  with  provision  for  future  conversion  to  specific 
pathogen  free  (SPF)  animals,  in  compliance  with  GMP  rules, 

B5  for  processing  of  sterile  antibiotic  salts  with  independent  provision  for 
sterile  change  rooms  and  warehousing , 

B6  for  the  production  of  bulk  drugs  (pharmaceutical  chemicals). 

Power  house,  utilities  area  and  guard  room  (gate  office)  are  provided  in 
separate  buildings.  Reserve  area  is  in  the  center  of  the  site  to  enable  unfore¬ 
seen  plant  expansion  activities. 
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In  this  document  details  relating  to  only  buildings  Bl,  B2  and  some 
services  are  covered,  i.e.  manufacturing  and  packaging  of  pharmaceutical 
formulations,  warehouse;  quality  assurance  laboratories,  offices,  conference 
room  including  library,  canteen,  cloakrooms,  sanitary  facilities;  boiler 
house,  water  treatment,  compressed  air,  effluent  treatment,  internal  trans¬ 
port  facilities,  fire  fighting  and  workshop  facilities. 

A  simplified  critical  path  method  (CPM)/pert  flow  chart  illustrates 
the  major  steps  to  be  taken  in  the  implementation  of  a  project,  important 
interrelations  between  the  steps  and  an  average  duration  which  is  normally 
necessary  to  follow  up  the  project  activities  (Annex  I). 

Also  included  are: 

Basic  data  for  a  project  (Annex  II) 

Site  plan,  building-  and  department  layout  with  cross  sections  (Annex  IV, V, VI, XIV) 

Flow  diagrams  and  flow  sheets  (Annex  XI,  XII) 

List  of  equipment /machinery  with  indicative  capacity  and  price  (Annex  XIII) 

-  Specimen  drawing  of  airconditioning  layout  for  the  sterile  area  for 

manufacturing,  e.g.  antibiotics  (Annex  IX) 

Organization  chart  (Annex  III) 

Process  information 


For  each  dosage  form  the  following  details  are  given: 

Appendix  XI  -  Manufacturing  and  packaging  flow  diagrams 

Appendix  XII  -  Equipment  flow  sheets 

Appendix  XIII  -  Equipment  list  with  an  indicative  list  of  suppliers, 

capacity-  and  energy  consumption  range,  with  an  indication 
of  price. 

Working  conditions 

Single  shift  work  with  8  hours  per  day 

-  240  working  days  per  year 

-  Capacity  increase  by  a  second  shift  with  enlargement  of  the  warehouse 
space  and  infrastructure  if  need  be. 

More  details  relating  to  construction  criteria,  utilities,  general  air- 
conditioning  for  buildings  Bl,  B2,  B3,  B4,  B5  and  B6  would  be  prepared 
subject  to  availability  of  resources. 

Basic  data  for  Building  1 


The  building  is  designed  to  locate  facilities  for  manufacturing  and 
packaging  of  granules,  powders,  tablets,  oral  and  non-oral  liquids,  topical 
and  ophthalmic  ointments,  injectables  (parenterals) ,  antibiotics  and  intra¬ 
venous  fluids  on  a  ground  floor  basis  with  annual  outputs  as  detailed  in  the 
"Basic  document  data  for  manufacturing  and  packaging  of  pharmaceutical  dosage 
forms"  (Annex  II). 

Organization  chart 


The  set-up  of  personnel  requirements  is  illustrated  in  Annex  III. 
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Equipment  selection 

The  following  characteristics  of  the  major  production  equipment  have 
been  taken  into  consideration: 

-  Choice  of  up-to-date  models 

-  Choice  of  equipment  having  a  moderate  automation 

-  Alternative  use  of  semi-automatic  equipment  and  manual  operations, 
more  particularly  in  the  packaging  department 

-  Ensuring  compliance  with  GMP  standards  -  National  and  WHO. 


General  layout 

The  site  plan  UNIDO  No.  85.4.001  (Annex  IV)  explains  the  proposals  per¬ 
taining  to  layout  of  the  factory. 

The  main  building  B1  is  designed  to  allow  future  expansion  work  in  two 
directions.  A  further  doubling  of  that  capacity  is  feasible,  or  the  space 
is  available  for  new  activities.  The  warehouse  has  a  large  loading  and  un¬ 
loading  yard  suitable  for  trailer  type  trucks. 

Goods  receipt  and  despatch  as  well  as  facilities  for  factory  personnel 
have  been  separated. 

Circulation  of  goods,  in  general,  free  of  crossings. 

A  car  parking  area  has  been  foreseen,  which  is  fenced  but  outside  the 
factory  premises  for  better  control  of  the  personnel. 

Site  utilization 


For  this  example  the  full  site  utilization  amounts  to  56%  (Annex  IV). 
The  normal  range  varies  between  40  and  60%,  depending  on  scarcity  or  cost 
of  land. 

Wind  direction  in  relation  to  building  location  at  site 

The  main  wind  direction  is  a  decisive  factor  for  the  location  of  the 
air  intake,  normally  on  the  roof  of  a  building.  The  proper  placing  of  the 
buildings  at  site  is  another  important  decision.  Particularly,  the  animal 
house  must  be  located  on  the  lee  side  of  the  main  buildings.  In  regions  with 
two  main  wind  directions  a  compromise  must  be  found. 

Topography 

A  slightly  sloped  site  offers  the  opportunity  to  place  the  services 
in  a  basement,  normally  under  the  manufacturing  and  packaging  area.  Calcu¬ 
lations  have  indicated  that  such  a  solution  is  approximately  10%  cheaper  in 
building  costs  than  the  proposed  solution  (Annex  V) . 
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In  regions  with  monsoon  or  heavy  rain  falls  it  is  advisable  to  place 
the  building’s  main  floor  at  least  on  plinth  level,  if  not  at  truck  plat¬ 
form  height.  Instead  of  storm  water  pipes  open  drains/ditches  may  be  used. 


Construction  of  building  -  Structural  Unit  -  Grid  system 

The  basic  elements  influencing  the  determination  of  a  grid  system  of  a 
factory  are: 

-  vehicles  for  internal  transport 

-  pallets 

furniture  for  laboratories 

-  furniture  for  offices. 

Studies  about  model  factories  have  shown  that  the  distance  of  building 
columns  is  mainly  dependent  on  the  size  of  the  pallet  in  use.  All  other 
elements  can  be  matched  accordingly.  An  exception  is  the  automated  warehouse 
with  high  altitude,  where  other  criterias  are  relevant. 

Pallet  sizes  commonly  used  are: 

-  80  x  120  x  15  cm  ("European"  pool  pallet) 

-  120  x  120  x  15  cm  (drum  pallet,  "Chemie  Palette") 

40"  x  40"  x  6"  ("English"  pallet) 

In  the  pharmaceutical  industry  the  majority  of  goods  is  conveniently 
stored  and  moved  on  the  "European"  type  pool  pallet  or  on  a  half  size  pallet 
80  x  60  x  15  cm,  which  is  normally  adopted  for  internal  transport  only. 

Taking  above  into  consideration,  the  grid  basis  is  1.3m  with  a  minimum 
column  distance  for  all  buildings  =  4  x  1.3  m  =  5.2  m  or  17  feet:*) 


(17'  x  17') 
(17'  x  34') 
(17'  x  51’) 
(17'  x  68’) 
(34'  x  34') 
(68*  x  68') 


5 . 2  m  x  5.2m 

5.2  m  x  10.4  m 

5.2  m  x  15.6  m 

5.2  m  x  20.8  m 
10.4  m  x  10.4  m 
20.8  m  x  20.8  m 


Planning  a  new  site,  it  is  advisable  for  the  sake  of  flexibility  and 
future  extensions  to  choose  the  distances  between  the  buildings  also  as  a 
multiple  of  above  column  distances. 

Building  and  room  layouts 

The  first  phase  of  activities  will  take  place,  besides  in  a  power  house, 
gate  house  and  utilities  area,  in  the  two  main  buildings,  namely: 

-  Manufacturing,  packaging  and  warehouse  -  building  B1 

-  Management  and  services  -  building  B2. 

The  manufacturing  area  in  building  B1  is  sub-divided  into  the  following 
departments: 

-  Tablets,  powders  and  granules 

-  Ointments 

-  Syrups 

-  Injectables  and  eye  drops 

*)  In  some  instances  the  column  distance  may  be  chosen  up  to  4x1.5  m  =  6.0 
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-  Intravenous  infusions 

Antibiotics 

-  Packaging 

The  covered  area  for  manufacturing  and  packaging  operations  is  some 

4,600  sq.m.  +  420  sq.m,  corridor,  with  an  effective  room  height  of  4.5  m. 

A  technical  floor  exists  on  top  of  the  production  area  which  houses 
the  air  conditioning  ducts,  steam-,  water-  and  electrical-network.  The  covered 
area  is  5000  sq.m,  with  an  effective  height  of  2.2  m. 

The  warehouse  is  located  on  one  side  of  the  production  building  with  an  approx, 
area  of  3,000  sq.m,  and  an  effective  height  of  6.5  m. 

The  management  and  services  are  located  in  building  B2,  consisting  of 
two  floors:  the  covered  area  of  the  ground  floor  is  1400  sq.m.,  effective 
height  3.0  m.  The  covered  area  of  the  first  floor  is  700  sq.m.,  effective 
height  3*0m. 

A  separate  section  is  provided  to  house  utilities  such  as:  Water 
reservoir,  water  softening  plant,  steam  generation  plant,  compressed  air 
generation,  refrigerator  compressors,  plant  maintenance  workshop,  laundry, 
solid  waste  incinerator  and  waste  water  treatment  plant.  Provision  may  be 
made  for  a  segregated  store  to  keep  hazardous  and  explosive  chemicals.  In 
certain  countries  a  bonded  area  for  alcoholic  material  is  required  by  law, 
or  it  is  custom  to  include  a  prayers  area. 

The  electric  cables  will  be  laid  underground,  while  other  services  will 
be  on  pipe  racks. 

WAREHOUSE  AND  MATERIAL  HANDLING 

Additional  basic  data  for  determining  the  size  of  the  warehouse 

Maintenance  of  3-6  months  stock  for  raw  materials,  up  to  3  months  for 
finished  goods  is  foreseen  and  for  packaging  material  3-6  months  stock  is 
anticipated,  all  depending  on  supply  possibilities  and  economic  lot  sizes. 

According  to  the  basic  document  data  as  outlined  in  Annex  II,  the  raw 
material  weight  excluding  water  varies  between  approximately  min.  95  and 
max.  130  tons/year. 

Generally,  the  average  total  weight  of  packaging  material  for  small 
packs  is  about  1.70  times,  and  for  large  packs  about  0.75  times  the  weight 
of  the  finished  pharmaceutical  dosage  form  in  a  package. 

Hence,  the  storage  quantities  are 


min. tons/store  max . tons/store 


Raw  material  =  3-6  months 
Packaging  material  =  3-6  months 
Finished  goods  =  3  months 


23.3 

113.0 

213.2 


65.0 

339.0 

337.6 
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The  requirement  of  storage_space  to  accommodate  these  quantities  would 
vary,  under  the  consideration  that  in  practice  only  50  to  75%  of  the  avail¬ 
able  pallet  places  are  utilized,  between  min.  3700  and  max.  7700  pallet  places. 


Material  hand ling_at_ the  ramp:  min, pal lets /year  max, pal lets /year 


Raw  material  =  0.3  tons/pallet  310  433 

Packaging  material  =  4500  packs/pallet  3849  4800 

Finished  goods  =  9000  packs/pallet  1924  2400 

(Materials  related  to  buildings  B3  - 
B6  are  supposed  not  to  be  stored  in  the 

warehouse  Bl)  _  _ 

Total  pallets  handled  at  the  ramp  6083  7633 


min. pal lets /day  max . pallets /day 

daily  handling  of  pallets  at  the 

ramp  (240  days/year)  25  32 


Material_handling_between_warehouse ,  manuf ac turing_and_gackaging : 

Movements  from  and  to  the  warehouse  =  30-40/day.  This  means  every  16-12 
minutes  one  movement  with  an  average  weight  of  145  -  30Qkg,  For  the  ware¬ 
house  layout  and  type  of  racks  used  see  Annex  VI  . 

DESCRIPTION  OF  THE  CIVIL  ENGINEERING  WORKS 


Foundations 


Foundations  will  be  chosen  according  to  soil  testing  which  should  be 
carried  out  prior  to  selection  of  the  construction  site.  In  some  instances 
piling  may  be  necessary. 

Structure 


The  buildings  explained  in  the  design  are  suitable  to  be  either  pre¬ 
fabricated  or  concrete  cast  on  site.  Various  combinations  of  the  two  systems 
are  feasible,  for  instance,  main  structure  cast  on  site  and  peripheral  walls 
prefabricated.  The  choice  will  arise  from  economic  considerations  and  the 
existence  of  a  factory  for  prefabricated  beams  and  pallets  within  a  reason¬ 
able  distance  from  the  site  on  which  the  factory  will  be  built. 

An  other  alternative  is  the  building  in  steel  construction,  with  double 
roof,  particularly  for  the  warehouse,  depending  on  climatic  conditions  and 
availability  of  cement  or  steel. 

Internal  partitions 

Different  types  of  internal  partitions  are  foreseen: 

-  conventional  masonry  walls  for  the  subdivision  of  the  main  areas; 
mobile  walls  for  non-sterile  areas,  if  not  too  expensive; 

-  double  masonry  walls,  with  air  ducts  inserted  for  the  areas  where 
large  air  conditioning  volumes  must  be  extracted  from  the  lower  level 
of  the  room; 

-  double  windows,  flushed  doors  and  windows,  avoiding  settling  of  dust 
particles . 
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Finishing  and  application  of  coating  materials  on  walls,  floors  and  ceilings 

See  enclosed  Annex  VII  . 

Rain,  sewage  and  industrial  waste  water  drain  system 

The  rain  water  will  be  drained  through  cement  pipework  or  open  draings.  (If 
required,  this  can  be  collected  into  tanks  in  order  to  use  it  for  fire 
fighting  after  proper  treatment.) 

The  sewage  water  will  be  drained  into  a  special  network  to  a  biological 
treatment  plant.  Grease  traps  must  be  foreseen  to  minimize  the  adverse 
effects  in  the  biological  process. 

The  drains  of  quality  assurance  laboratories  and  production  departments 
will  be  piped  into  an  effluent  pretreatment  tank  before  transportation  into 
the  biological  treatment  plant.  Chemical  treatment  will  be  required  when  the 
factory  is  completed  with  a  multipurpose  synthesis  plant. 

The  vaccines  area  drains  will  be  sterilized  before  being  put  into  the 
biological  treatment  plant. 

Windows 


In  the  manufacturing  areas,  the  windows  must  be  flush  with  the  inner  side 
of  the  wall  for  minimum  of  dust  settlement  and  ease  of  cleaning. 

Experience  shows  that  windows  in  the  faqade,  properly  dimensioned 
(height  not  more  than  90  cm)  and  perfectly  shielded  against  sun  radiation, 
create  an  enormous  positive  effect  on  the  working  staff.  It  further  reduces 
electricity  spending.  With  adequate  measures  in  the  construction  of  the 
windows,  the  air  conditioning  losses  can  be  kept  within  acceptable  limits. 

Windows  in  the  warehouse  are  to  be  kept  to  a  minimum  such  that  safe  movement 
and  identification  of  goods  is  guaranteed  without  artificial  light.  Ex¬ 
cessive  radiation  yields  to  bleaching  of  printed  matter.  The  windows  should 
be  placed  near  the  ceiling  because  of  goods  storage  along  the  wall.  Corridor 
windows  serve  as  control  and  visitor  presentation. 


SANITARY  AND  SOCIAL  SERVICES 


For  the  sake  of  cleanliness  in  pharmaceutical  activities  a  proper  lay¬ 
out  of  the  locker  area  is  important.  Ideally,  staff  working  in  sterile  pro¬ 
duct  areas  should  actually  leave  the  dress  in  standard  lockers,  take  a  shower 
and  put  on  sterile  clothes  in  an  adjacent  change  room.  Since  normally  this 
postulate  cannot  be  met,  due  to  layout  and  other  reasons,  the  compromise 
could  also  be:  change  clothes  to  white  laboratory  coats  in  the  standard 
locker  room  and  change  again  to  sterile  clothes  in  a  second  change  room  in¬ 
corporated  into  the  sterile  complex. 

In  distances  not  more  than  40  to  80  m,  WC  facilities  should  be  provided. 

Where  applicable,  "Asian"  toilets  will  have  to  be  provided. 

A  minimum  of  1  toilet  for  about  20  individuals  should  be  provided  if  not 
more.  Local  conditions  and  laws  should  determine  actual  requirement  for  WCs , 
urinals,  wash  basins,  etc. 

During  lunch  time,  a  complete  change  of  clothes  to  and  from  the  canteen 
must  be  assured. 
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For  lunch  and  smoking  breakes  in  the  morning  and  afternoon,  one  or 
several  rest  rooms,  conveniently  located  next  to  manufacturing  and  packaging 
areas  will  avoid  uncontrolled  sojourns  in  the  WC  rooms. 

UTILITIES  (Bl,  B2  and  related  services) 

Availability  of  infrastructure  such  as  energy,  water,  disposal  of  waste, 
etc.  has  been  considered. 

Electricity  (Voltage,  frequency  and  electrical  equipment  as  per  specifications 
of  the  particular  country)  -  Annex  VIII 

-  Power  sub-station:  (20  kV  to  380  V:  2  x  750  kVA  transformers  +  extension) 

-  Distribution  system  for  380  V  and  220  V  supply,  or  local  standard 

-  Stand-by  generator:  60-400  kVA  (depending  on  reliability  of  grid) 

-  Voltage  stabilizer  system  (where  required) 

-  Explosion  proof  fittings  (where  required) 

Safety  devices. 

Fresh  water 


Main  supply:  75-100  cu.m/day  (depending  on  water  reservoir) 

Storage  tanks,  underground:  400-500  cu.m,  devided  into  2  parts,  over¬ 
head  150  cu.m,  or  the  installation  of  two  booster  pumps  (normally 
Diesel  engine  driven) 

Pressurised  water  circulation  system:  3-4  bar 


Warm  water 


The  installation  of  a  heat  exchanger  on  the  technical  floor  is  fore¬ 
seen,  with  capacity  up  to  300,000  Kcal/h  and  a  temperature  between  50°  and 
60°C. 

Demineralized  water 

Up  to  6  cu.m/h  at  full  capacity  with  4-5  cu.m  storage  tank  and  circu¬ 
lation  in  the  pipe  system.  To  be  produced  in  the  manufacturing  area.  Pipes 
and  tank  in  stainless  steel. 

Distilled  water 


Distilled  water  will  be  produced  by  means  of  thermo-compression,  beginning 
with  50L/h  up  to  a  maximum  of  500  L/h,  when  intravenous  infusions  are 
manufactured. 

Chilled  water  (required  e.g.  for  multipurpose  plant) 

150  cu.m/h,  12°C  -  7°C  in  closed  circuit  to  be  produced  in  the  power 
house  area. 
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Compressed  air  (dry,  oil  free) 

30-70  cu.m/h  at  7-8  kg/sq.cm  per  compressor.  2  compressors  of  the  silent 
box  type,  air  cooled.  Pipes  in  copper  or  stainless  steel. 

Gas 


Public  supply  or  generator  or  steel  cylinders 

Oxygen  and  Nitrogen  (located  outside  the  buildings  of  consumption). 
Vacuum 


Normally  generated  at  the  spot  of  need. 
ELECTRICAL  INSTALLATIONS 


Distribution  to  utilization  points  will  be  carried  out  by  cables  in¬ 
stalled  on  the  technical  floor.  All  electric  switchboards  for  the  production 
departments  may  be  located  there  or  in  the  walls  of  the  respective  corridors 

Branches  to  utilization  points  and  switches  for  each  room  will  be  fitted 
in  the  walls  (Annex  VIII). 


Light  intensity,  1  m  above  floor: 


Manufacturing 

Packaging 

Corridors 

Offices 

Laboratories 


300-400  lux 
400-500  lux 
200  lux 
300  lux 
300-400  lux 


AIR  CONDITIONING  SYSTEM 


The  air  conditioning  layout  must  be  tailor  made  to  requirement  of  the 
factory,  but  consisting  of  standardized  elements  available  on  the  market.  Three 
systems  are  generally  used: 

-  Central_air_conditioning  only  one  set  of  main  equipment,  but  large 

ducts  over  long  distances.  It  is  recommended  for  small  to  medium  size 
plants . 

-  Decentralized  air  conditioning  for  room  groups  with  identical  or  similar 
air  requirements.  Several  so  called  package  units  are  placed  over  each 
room  group  with  small  and  short  ducts.  This  system  is  applicable  for 
all  plant  sizes. 

-  A  combination  of  both  types  is  feasible  with  decentralized  air  handling 
units  but  only  one  refrigeration  compressor. 

-  Window  air  conditioner  without  any  ducts  for  small  rooms,  mostly  offices 
or  laboratories. 
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Two  types  of  air  heating  are  applied: 

.  One  duct  with  a  heating  box,  heated  by  steam  and  located  near  the 
air  discharge  (diffuser).  It  is  the  cheaper  solution  but  the 
temperature  regulation  may  lie  only  in  the  range  of  +  5°C. 

.  "Dual  duct"  with  one  carrying  cold,  the  other  carrying  hot  air.  A 
mixing  box  before  the  discharge  to  the  room  prepares  the  required 
air  temperature  with  an  accuracy  of  +  1°  to  2°C.  It  is  more  ex¬ 
pensive  because  of  2  ducts  and  the  insulation  of  the  hot  air  duct. 

-  Special  air  handling/conditioning  is  required  for  dehumidified  rooms 
(e.g.  capsule  filling)  or  cool  rooms,  etc. 

In  the  schematic  drawing  as  shown  for  instance  in  Annex  IX  for  a  sterile 
area,  the  following  guidelines  have  been  followed: 

The  FDA  regulations  have  been  taken  into  account. 

-  No  production  rooms  are  in  direct  contact  with  the  outside,  no  unfiltered 
air  can  flow  into  the  rooms  and  no  spent  air  could  escape  towards  the 
outside  without  filtration  from  contaminated  rooms. 

To  save  energy,  part  of  air  is  recycled,  except  for  some  areas  with 
explosion  danger,  e.g.  tablets  coating,  or  with  offensive  smells,  e.g. 
animal  house,  which  is  fully  extracted  to  atmosphere  through  filters. 

-  Canteen,  offices  and  laboratories  are  conditioned  with  fan  coils  and 
primary  air. 

The  air  conditioning  calculation  (thermal  loads,  heat  gains  or  losses 
through  the  wall,  personnel)  and  the  thermohygrometric  internal  conditions 
will  follow  the  Ashrae  rules  with  some  exceptions,  where  special  rel. humidity 
conditions  are  required. 

Recommended  air  temperatures  in  summer  and  winter  time,  relative 
humidity,  air  changes,  as  well  as  the  type  of  air  for  each  room  category 
is  specified  in  Annex  X. 

NB:  ASHRAE  =  American  Society  of  Heating,  Refrigeration  and  Air-conditioning 

Engineers 

SWKI  =  Schweizer  Verein  von  Warme-  u.  Klima-Ingenieuren 
VDI  =  Verein  Deutscher  Ingenieure 


FIRE  PROTECTION 

For  fire  protection  the  following  is  foreseen: 

An  independent  water  pipe  ring  with  exclusive  self-operating  pump 
having  diesel  motor 

—  A  water  reservoir  possibly  fed  from  rain  water  drain  system  and/or 
clean  discharge  from  the  factory,  capacity  not  less  than  300  cu.m. 

A  multipoint  water  distribution  system 

-  A  sprinkler  fire  extinguisher  system  or  smoke  detector  alarm  system 
for  the  warehouse 
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Foam  and/or  carbon  tetrachloride  extinguishers  for  the  whole  plant 
-  An  automatic  fire  detection  system 
MAINTENANCE  AND  REPAIR  WORKSHOP 

Fully  equipped  for  general  maintenance,  minor  repair/parts  replace¬ 
ment  and  reconditioning  of  equipment  and  laboratory  instruments.  (Annex  XV). 

WASTE  DISPOSAL  SYSTEM 


Disposal  of  plant  waste,  garbage  by  incinerator,  etc. 

Effluent  treatment  and  disposal  system  with  degreasing,  separate  sewer 
feed  systems,  biological  process,  sludge  treatment. 

INTERNAL  TRANSPORT  FACILITIES 


Hand  trolleys 

-  Fork  lift  trucks 

-  Shipping  conveyor 

QUALITY  CONTROL  FACILITIES 


-  In  process  control 

-  Analytical  control 

-  Biological  control 

-  Chemical  control 

-  Physical  control 

A  project,  in  general,  is  based  on  data  and  assumptions  which  are  a 
selection  of  possible  alternatives  with  regard  to  capacity  forecast,  site 
selection,  sequence  of  building  extension,  etc.  Each  aspect  has  a  direct 
impact  on  investment,  return  on  investment  and  pay-back  time. 

A  feasibility  study  should  include  e.g.: 

-  financial  aspects  on  alternative  sites 

-  building  according  to  the  final  capacity  or  in  steps  (first  for  oral 
dosage  forms,  later  for  sterile  medicines) 

-  predominantly  mechanized  operations  as  against  manual  execution 

(mainly  in  the  packaging  section) 

-  sensitivity  study  (operational  costs  under  varying  plant  utilization) 

-  impact  on  changing  raw  material  costs,  taxation  or  interest  rates 

-  etc. 


The  introduction  of  computer  systems  for  the  execution  of  production 
planning,  administrative  and  technical  services  may  be  already  considered 
at  the  planning  phase.  The  actual  realization  could  be  postponed  until  the 
plant  has  reached  normal  operational  conditions  or  the  office  work  should 
be  extended  beyond  available  staff  capacity.  Certain  computer  areas  must 
be  specially  air-conditioned. 
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ANNEX  IV 

SITE  PLAN  AND  SITE  UTILIZATION 

Covered  site  area_ sq.m. 

B1  -  Manufacturing  +  packaging  4620 

-  Corridor  420 

-  Warehouse  3000 

B2  -  Annex  building:  ground  floor  (administration  +  laboratory)  1400 

(first  floor  =  700  sq.m  +  reserve) 

Extension: 

B’l  -  Manufacturing  +  packaging  4620 

-  Corridor  420 

-  Warehouse  3600 

B'2  -  Annex  building:  ground  floor  (administration  +  laboratory)  650 

(first  floor  =  650  sq.m.) 

B3  -  Vaccines  production  350 

B4  -  Animal  house  350 

B5  -  Sterile  antibiotic  salts  2100 

B6  -  Multipurpose  plant  for  pharmaceutical  chemicals  450 

Extension:  870 

Boiler  house  incl.  central  workshop  720 

Raw  material  tank  area  190 

Solvent  tank  area  150 

Oil  tank  area  215 

Fresh  water  reservoirs  230 

Raw  material  and  solvent  recovery  220 

Effluent  treatment  plants  280 

Weighing  bridge  30 

Gate  house  65 

Car  park  (24.5  sq.m. /car  x  100  cars)  2450 


Total  27 ,400 
Site  area  =  205  x  238  m  48’ 790 
Site  utilization  56% 
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Annex  V 


Possible  Stages  or  Pea  lizat/on: 


SITE  PLAN 

FOR  ALTERNATIVE  LAYOUT 

Scale  *  / ;  1600  t/iV/DO  6  S.  If  0/6 


FOA  FURTHER  JNFOAMA T/ON  SEE  S/TE  FLAN-  UN/SO  ES.P.OOI 


SERVICES  ARE  EITHER  ON  LOWER  GROUND  FLOOR  UNDERNEATH  MANUFACTURING 
OR  IN  A  SEPARATE  DU/LD/NG  NEXT  TO  PACAFG/NG 
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Annex  V/// 
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EXPLANATIONS  TO  SCHEMATIC  DIAGRAMS  OF  AIR  CONDITIONING 
(See  also  layout  for  antibiotics) 
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Flow  diagram 

for  formulation  of  (coated)  tablets 
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Flow  diagram 

for  manufacture  of  creams ,  sterile  and  non  sterile  ointments 
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Flow  diagram 

for  manufacture  of  suppositories 


QUALITY  CONTROL  U _  RAW  MATERIALS  STORE 
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Flow  diagram 

for  manufacture  of  oral  liquids 


PACKAGING  MATERIALS  STORE 


QUALITY  CONTROL  ~ -  RAW  MATERIALS  STORE 
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*)  For  quantities  larger  than  3  million  units  per  year  an  alternative 
would  be  bottle  forming  from  sterile  granulate  and  filling,  in  one 
and  the  same  machine 


Flow  diagram 

for  manufacture  of  non-oral  liquids 
(eye  drops,  tinctures) 
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QUALITY  CONTROL  j-» -  RAW  MATERIALS  STORE 
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Flow  diagram 

for  manufacture  of  intravenous  infusions 


PACKAGING  MATERIALS  STORE  - 1  BOTTLES  J  ETC. 
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Flow  diagram 

for  blending  and  filling  of  antibiotics 


FLOW  SHEET  for  Formulation  of  Tablets 
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106  Instrument  room: 

811  UV  spectro-photometer  (with  recorder):  Beckmann 

812  Polarimeter 

813  Ref ractometer 

814  Flame,  photometer 
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ANNEX  XV 


STANDARD  WORKSHOP 

FOR  A  PHARMACEUTICAL  PRODUCTION  PLANT 
Equipment  list  for  major  items  in  the  mechanical  section: 


Lathe  -  working  length  =  1000  mm.  diameter  0  =  300  mm;  tools  for 
turning,  milling  and  grinding 

Drilling  machine  -  working  height  =  300  mm,  working  0  =  300  mm; 

variable  speed,  "precision"  type;  for  borer  0  =  1.0  - 
16  mm 

Folding  press  -  working  length  =  1200  mm  for  metal  thickness  = 

up  to  5-6  mm 

Grinding  machine  with  one  fine  and  one  coarse  grinding  stone 
Grinding  machine  with  one  fine  grinding  stone  and  one  brush 
Sand  -  belt  machine  with  different  grades  of  grain  belts 
Mechanically  operated  metal  saw  with  saw  length  =  350  mm 
Manually  operated  press 

Electric  welding  equipment  with  iron  working  table,  suitable  also 
for  argon  welding 

Autogenous  welding  apparatus 

4-6  vices  with  working  table  and  tool  cupboard 
Working  table  with  metal  plate  top  for  rectifying  work 
Tripod  for  pipe  fitter's  work 
Anvil 

Plate  cutter 

Pulley  block  with  trestle;  free  height  =  2.5-3  m,  max.  load  =  2000  kg 
Set  of  threading  tools  for  0  =  2-16  mm  and  0  =  16-30  mm 
Set  of  female  screw  threading  tools  for  0  =  2-16  mm  and  0  =  16-30  mm 
4-6  metal  hand  saws 

4-6  slide-gauges,  usable  length  =  140-150  mm 

Precision  instruments:  e.g.  micrometer  for  measuring  outside  and  in¬ 
side  dimensions,  apparatus  to  measure  "Brinell"  surface  hardness  of 
metals,  etc. 

4  movable  working  carts  with  tool  kit 

General  tools  -  for  each  mechanic:  e.g.  special  hammers,  tongs, 
drivers,  files,  rule,  etc. 

Equipment  list  for  major  items 
in  the  electro-mechanical  and  instrument  section: 


2  kits  with  electrician  tools,  2  vices  and  2  working  tables  with  tool 
cupboards 

Kit  with  tools  for  measuring  and  servicing  instruments  and  automatic 
controls 

Soldering  equipment  (80  and  90  Watt) 

2  metal  hand  saws 
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45  Combined  volt  meter:  ,  V  ,  A,  mA,  &  ,  ^ F 

46  General  tools  for  each  electrician:  hammer,  tongs,  drivers,  files, 
rule;  all  insulated  against  current. 

General : 

51  Air  compressor  (if  the  workshop  is  not  connected  to  the  general 
compressed  air  grid) 

52  Spot  ventilation  at  the  welding-  and  grinding  work-places 

53  Used  oil  recovery 

54  Equipment  for  servicing  and  repair  of  furniture  (if  not  included  in 
above  items) 

55  Equipment  for  servicing  and  repair  of  buildings 

56  Painting  facilities 

57  Furniture  for  offices,  including  one  drawing  stage,  telephone  and 
typewriter 

58  Planning  board,  card  files,  place  of  deposit  for  drawings  and  instruc¬ 
tions  of  production  machines 

59  Organization  for  preventive  maintenance 

60  Cloak  room,  if  not  combined  with  boiler  house 

61  Sanitary  facilities  if  not  combined  with  boiler  house  crew  facilities 

PS.  AC  =  window  air  conditioner 


In  case  of  plant  location  in  an  area  with  insufficient  infrastructure, 
the  workshop  space  would  have  to  be  enlarged  up  to  a  maximum  of  600  sq.m 
and  the  following  equipment  may  be  required: 

1  Lathe  -  working  length  =  2500  mm,  diameter  0  =  600  mm 

1  Drilling  machine  -  working  height  =  400  mm,  working  0  =  500  mm;  borer 

up  to  0  =  30  mm 

1  Milling  machine  -  working  length  =  1200  mm;  tools 
1  Band-saw  -  working  height  =  400  mm 

1  Hydraulically  operated  press 

2  Vices,  large  type,  swivel  mounted,  with  working  table  and  tool-cupboard 

1  Anvil 

div.  Additional  hand  tools  as  required,  furthermore  goniometer,  metal  rulers, 
circle,  scribe,  etc;  tools  which  are  necessary  to  service  and  repair 
larger  machine  parts  in  the  own  workshop. 

1  Spin  winder  for  electric  motors 

1  Furnace  for  electric  motor  rotors 

div.  Equipment  and  furnace  to  temper  and  possibly  chromium  plate  metal  pieces 
such  as  punches  and  dies,  transport  arms  on  packaging  machines,  etc. 
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For  the  carpenter: 

1  Band  saw  for  wood 

1  Combined  saw  for  wood 

1  Work  table  for  cupboard  joiner  and  carpenter 
1  Set  of  planes 

Tools  for  maintenance,  repair  and  manufacture  of  furniture 
Furthermore,  the  following  services  could  be  required: 

-  Facilities  to  service  internal  and  external  transport  vehicles 

-  Repair  of  vessels 

Repair  of  buildings  and  small  extensions 

-  Manufacture  of  air  ducts  and  filter  frames 


etc. 
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